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ABSTRACT. Studies of canopy arthropods in a number of Australian rainforest types have been in progress 
since 1983. Information on the variation in ordinal signatures and overall levels of abundance in tropical, 
subtropical and cool temperate sites is available, as are estimates of beta-diversity among sites within the 
subtropical forest. Species level studies on selected Orders are well advanced and current work focuses 
upon the Coleoptera, Psocoptera, Collembola and Lepidoptera. 

A severe drought affected the tropical forests of North Queensland in 1991-1992. This had the impact 
of reducing insect numbers dramatically particularly in the high canopy. Significant declines in numbers 
of Diptera, Coleoptera, Lepidoptera and Collembola were recorded. A significant increase in the numbers 
of Psocoptera was noted. Impact appeared to be generally greater in the high than the low canopy. The 
possible mechanisms for these patterns are discussed. 


INTRODUCTION 


In 1988 two things were very clear to me: first, 
that Australians had finally realized that they 
were in possession of the only continental trop- 
ical rain forest in the “developed” world and, 
second, that arguments favoring conservation and 
advocating management of this rainforest based 
on the biodiversity of an area, although appeal- 
ing, had very little data to back them up. 

In spite of the justifiably great excitement gen- 
erated by results published on the arthropod as- 
semblages from rain forest canopies in the Neo- 
tropics and southeast Asia, the number of data 
sets available in 1988 was pitifully small. Al- 
though others have been added to this set since 
then our global information base is still lacking 
(Erwin 1982, 1983, Adis 1990, Stork 1987a, 
1987b, Stork & Brendell in press, Hammond 
1990, Basset & Kitching 1991). The few data sets 
available have created a healthy secondary in- 
dustry (e.g., Stork 1988, May 1990, Adis 1990, 
Blackburn et al. 1990, Gaston 1991), with many 
delighted to rework, comment and criticize, many 
fewer to engage in the considerable effort (even 
pain), expense and frustration of trying to collect 
additional data sets. 

In 1983, Meg Lowman initiated a long-term 
study of herbivorous insects im Australian rain 
forest canopy. Beginning in 1988, Lowman and 
I collaborated on a project which would examine 
general arthropod biodiversity of the canopy of 
subtropical rainforest adjacent to Lamington Na- 
tional Park in southeast Queensland. 

This subtropical study was to provide a bench- 
mark and trial run for studies which subsequent- 
ly have extended to tropical sites at Cape Trib- 
ulation in the far north of Queensland and to 
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cool temperate rain forest sites in northern New 
South Wales. Since 1988 the work has involved 
a range of co-workers: Meg Lowman, Sue Mc- 
Intyre and Margaret Greenway as botanists, Joy 
Bergelsen as biometrician and a host of ento- 
mological and botanical taxonomists listed in full 
elsewhere. The work hereto has been largely sup- 
ported through Earthwatch with additional funds 
from the Australian Geographical Society, the 
Melbourne-based Ian Potter Foundation and the 
Australian Research Committee. 

As the early results of this work move (slowly) 
to publication (see below), I take this opportunity 
to present a summary of the work to date. In 
addition I present a short set of new data which, 
serendipitously, we were able to collect to exploit 
the extraordinary drought situation encountered 
in February 1992 in the coastal rainforests of 
Cape Tribulation, in dramatic contrast to our 
field work there in February 1991. 


I. SUMMARY OF Work IN PROGRESS 
General Methods 


We sample arthropods by spraying first the 
lower and then the upper canopy at each of our 
selected sites with a mixture of pyrethrins deliv- 
ered from a simple backpack sprayer hauled into 
the canopy by rope. We do not use a fogging 
technique and the insecticidal mist produced is 
of larger droplet size, shorter lived and less vis- 
ible than that of fog-generating machines. The 
details of our technique are described in Kitching 
et al. (in press) together with botanical, climatic 
and locational details of our three study forests. 

Most of our work to date has focussed on se- 
lected 10 x 10 m? columns of forest with vari- 
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ously mixed canopies. Following each sampling 
exercise we have then carried out botanical sur- 
veys of each site by constructing vegetation pro- 
files through each sampling point. We have sam- 
pled twenty sites from the subtropical forest in 
southeast Queensland and seven from the low- 
land tropical forests at Cape Tribulation. Work 
in the near monocultural Nothofagus-dominated 
cool temperate forest sites uses a variation on 
this general technique and is described in Kitch- 
ing et al. (in press). Extensive herbarium material 
has been accumulated, of necessity, from the 
tropical sites, most of the subtropical and cool 
temperate woody plants can be identified in situ. 
Most recently, we have moved in part away 
from this “mixed canopy block” approach to a 
“single tree” technique designed, ultimately, to 
quantify levels of tree specificity within the ar- 
thropod assemblages. So far we have focussed, 
for purely practical reasons, on understory spe- 
cies and have samples awaiting analysis from 
four species from the subtropical forest and a 
range of species from the tropical forest. The 
further analysis of these samples and the exten- 
sion of the project to cover many species pro- 
ceeds slowly while awaiting further funding. 


Ordinal Signatures from Three Forest Types 


In addition to presenting general information 
on methods and study sites, the paper by Kitch- 
ing et al. (in press) illustrates and analyzes ordinal 
level differences across the three forest types 
studied, each based on summer (wet season) 
samples. 

Among the insects there is a distinct cool-tem- 
perate to tropical change in the ordinal signature 
which was highly significant statistically. This 
trend was reflected, most obviously, in the de- 
crease in the proportion of Collembola and an 
associated increase in numbers of Diptera. The 
former trend may reflect an association between 
abundance of Collembola and the level of oc- 
currence and nature of epiphytes in the canopies. 
The increasing occurrence of Diptera in the trop- 
ical samples probably reflects the semi-aquatic 
nature ofa majority of their larval stages and the 
increased moisture levels in tropical compared 
with more temperate canopies (see discussion of 
drought impacts below). The non-insectan ar- 
thropods similarly showed a clear south—north 
pattern with the ratio of spiders to mites increas- 
ing in favor of the spiders in more tropical sam- 
ples. 

This paper also compared numbers of insects 
and their ordinal profiles between high and low 
canopy samples from the subtropical and trop- 
ical sites. Both insects and non-insects showed a 
significant decrease in number from low to high 
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samples in the subtropical forest. In the tropical 
samples only the insects showed this pattern; for 
non-insects high and low canopies numbers were 
not significantly different. The ordinal profile of 
the insects differed across the two layers in the 
subtropical forests only. The ordinal profiles of 
non-insects showed no such pattern. 


Beta Diversity across Subtropical Sites 


A manuscript has been prepared which cal- 
culates beta diversity coefficients (both Søren- 
sen’s Index and the Horn-Morisita Index) for 
Psocoptera, Coleoptera and woody plants among 
13 of the subtropical sites studied (R. L. Kitch- 
ing, J. Bergelson, N. Stork unpubl. results). 

In summary there is a strong negative rela- 
tionship between intersite similarity for Psocop- 
tera when calculated on the basis of relative 
abundance of species (Horn-Morisita analysis) 
which is absent when calculated on presence or 
absence of species only (Sorensen Analysis). We 
take this to mean that the variation observed 
between sites captures population-level varia- 
tion of the psocopterans involved but that our 
scale of study is at the within-assemblage level 
which does not pick up changes in species com- 
position. Results for the Coleoptera show no re- 
lationships with distance. 

There is a weak but significant relationship 
between the Horn-Morisita similarity for Cole- 
optera and that for woody plants suggesting beetle 
diversity roughly parallels woody plant diversity 
within a single patch of forest. 


Psocoptera Studies 


The Psocoptera in our canopy samples from 
the subtropical forest have been sorted to mor- 
phospecies. There are approximately 50 species 
involved, about half of which have been previ- 
ously described. The cumulative discovery curve 
for these species across samples is curvilinear 
and apparently asymptotic allowing some esti- 
mate of the overall size of the fauna (Kitching 
in press, E. Schmidt & R. Kitching unpubl. re- 
sults). Work extending these analyses to include 
samples from subtropical and tropical forest 
samples is in progress. An experiment comparing 
psocopteran diversity across bark types and dif- 
ferent degrees of micro-epiphyte load will be car- 
ried out in December 1992 (D. Brown unpubi.). 


Coleoptera Studies 


The Coleoptera from 13 of our subtropical 
canopy samples have been sorted to morpho- 
species (N. Stork, P. Hammond, R. Kitching un- 
publ.). There are 440 morphospecies in these 
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FIGURE 1. Climatic Data from “Pilgrim Sands,” 


Cape Tribulation, North Queensland. 


samples dominated by the Staphylinidae, Cur- 
culionidae, Lathridiidae and Chrysomelidae 
(Kitching in press). The cumulative species dis- 
covery curve remains linear. The morphospecies 
have been further classified into broad trophic 
guilds (saprophages, xylophages, fungivores, her- 
bivores, predators) and log abundance vs. log size 
curves plotted for each. These results show the 
characteristic triangular plot identified by Law- 
ton (1989, 1990). 


Collembola Studies 


It was initially surprising to us to observe the 
degree to which our subtropical samples were 
dominated, in terms of numbers of individuals, 
by the Collembola (Kitching in press). These 
samples have now been analyzed further and the 
Collembola samples further sorted to families, 
the Entomobryidae and Paronellidae to mor- 
phospecies (Sutrisno & P. Greenslade unpubl.). 
Twenty-one morphospecies were present in our 
high canopy samples and 26 in the low canopy. 
One species of Epimetrura, previously known 


only from single specimens from Borneo and- 
China, dominated these samples and is undoubt-. 


edly a canopy specialist (Sutrisno & P. Green- 
slade unpubl.). 

Some comparisons of Collembola diversity 
from the canopy with coincident samples of litter 
and from pitfall traps have also been made by 
Sutrisno and will be presented as part of his Mas- 
ters’ thesis. 


Lepidoptera Studies 


Lepidoptera are not well sampled by pyre- 
thrum knockdown, so in February 1992 (in the 
tropical forest at Cape Tribulation) we carried 
out ten nights of intensive light trapping on a 
platform in the low canopy, shielded from be- 
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neath, and at two adjacent ground sites, shielded 
from above (D. Harmsen & R. Kitching un- 
publ.). Virtually all moths attracted to the light 
were captured, preserved and identified to mor- 
phospecies subsequently. Over 4,000 moths were 
represented by 490 morphospecies. These were 
dominated by the Noctuidae and Pyralidae. Size 
profiles showed a common peak across both 
ground and canopy samples but an additional, 
higher mode in the ground samples. These data 
are currently being analyzed and prepared for 
publication. | 

A parallel survey of moths in the subtropical 
forest is planned for the 1992-1993 summer. 


II. THE IMPACT OF DROUGHT ON TROPICAL 
CANOPY ASSEMBLAGES 


Introduction 


In February 1992 our regular annual sampling 
expedition to the tropical rainforests of Cape 
Tribulation in North Queensland coincided not 
with the expected height of the wet season but 
with the culmination of an exceptional period of 
drought. Rainfall figures for the twelve months 
preceding the sampling period are presented in 
FIGURE 1 together with comparative figures pre- 
ceding our 1991 sampling period and the longer 
term average rainfall for the period 1987—1991. 
Ali these figures are from records kept at “Pilgrim 
Sands,” the base of our North Queensland op- 
erations. The low levels of rainfall experienced 
in the area from mid 1991 up to February 1992 
were at levels not previously experienced since 
the 1940’s (local anecdotal information). 

The impact of the drought was evident as sub- 
stantial wilting of leaves on many species of tree 
and widespread leaf loss to the point that a few 
tree species were almost completely defoliated. 
In particular withering and even death of epi- 
phytic ferns was apparent. 

We took the unexpected opportunity to esti- 
mate the impact of this drought on the canopy 
arthropods by resampling six sites previously 
sampled in February 1992. Exactly similar tech- 
niques were used across the two years. 


Methods 


General descriptions of the vegetation of the 
area are given by Jessup (1985) and in Kitching 
et al. (in press). The latter of these two papers 
also discusses in detail site selection and meth- 
ods. 

Essentially in each of six sitesa 10 m x 10m 
section of forest was marked out and a head-high 
“cats cradle” of light ropes strung within these 
limits. For each sampling event eleven 0.5 m? 
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FIGURE 2. Total numbers of insects and non-in- 
sectan arthropods collected per 0.5 m? collecting funnel 
from rainforest canopy from six sites in 1991 and 1992 
from Cape Tribulation, North Queensland. Counts are 
shown +1 standard error. 


collecting funnels were hung throughout the area. 
A four to six minute treatment with pyrethrum 
insecticide delivered by a backpack mister was 
used on each sampling. Two samples were taken 
at each site: one with insecticide delivered from 
the ground and directed at the understory up to 
about 6 m in height, the second from the same 
mister suspended in the high canopy at 15 to 20 
m. All samples were taken in the morning. These 
samples are referred to as “low canopy” and “high 
canopy,” respectively. 

Arthropods knocked down by the pesticide 
were brushed into central vials containing eth- 
anol. These were removed three hours after the 
spraying event, returned to the laboratory, and 
sorted to Order. 

Two of the six sites used in each year were 
located in littoral forest and four in lowland for- 
est about two km from the coast. All samples 
were taken in the same ten-day window of time 
in each of the two years. 

All results were converted to counts per col- 
lecting hoop (i.e., per 0.5 m°) and these figures 
used for all further analyses. 


Results 


Two sets of results are presented here. FIGURE 
2 shows the total numbers of insects and non- 
insectan arthropods collected in each of the two 
years. FIGURES 3 and 4 show the ordinal signa- 
tures for insects and non-insects from the two 
years. 


NUMBERS OF INDIVIDUALS. As indicated in 
FIGURE 2 there was a marked decline in total 
numbers of insects in both the low and high can- 
opy samples across the two years. Samples from 
the low canopy showed, on average, a 24% re- 
duction in 1992 compared with 1991 (z = 2.16, 
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FIGURE 3. Numbers of insects in each Order col- 
lected per 0.5 m? collecting funnel from low and high 
rainforest canopy from six sites in 1991 and 1992 from 
Cape Tribulation, North Queensland. Counts are shown 
+1 standard error. Asterisks indicate significant dif- 
ferences between non-drought and drought years (see 
text). 


P = 0.058). A greater decline was shown by the 
insects from the high canopy samples with a 44% 
decline from 1991 to 1992 (t = 2.23, P = 0.05). 
Numbers of non-insectan arthropods also de- 
clined in both low and high canopy samples but 
these did not lead to significant differences be- 
tween the two figures. 


ORDINAL SIGNATURES. Although declines in 
overall numbers of insects are shown clearly in 
the results, the differences between the two years 
are shown more dramatically when the ordinal 
signatures from the two sets of samples are com- 
pared (FIGURE 3). We carried out a two-way nest- 
ed ANOVA on these data after applying a square 
root transformation to homogenize the vari- 
ances. Each Order of insects and non-insects was 
used as the dependent variable, and canopy layer 
nested within sampling year was the treatment 
protocol. The six sites used in each year pro- 
vided the replicated data in the analysis. TABLE 
1 presents a summary of the results of this pro- 
cedure. 

The treatment variable “year” had a highly 
significant effect on five of the insect Orders. The 
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Collembola, Coleoptera, Lepidoptera and Dip- 
tera showed significant declines from 1991 to 
1992 (that is, from non-drought to drought year) 
and the Psocoptera showed a significant increase 
in abundance between the two years. By level of 
significance, the ordering of the magnitude of the 
negative impacts was: Diptera > Lepidoptera > 
Collembola > Coleoptera. The positive impact 
on the Psocoptera was at a very high level of 
significance (P = 0.0005). Excluding the cate- 
gories “other orders” and “‘Crustacea”’ and “‘oth- 
er non-insects” in which actual counts were so 
low that we discount the significances as likely 
to represent Type I errors, Canopy Layer/Year 
interactions approached significance in four cases: 
hemipteroids (P = 0.06), Coleoptera (P = 0.07), 
Diptera (P = 0.08) and Lepidoptera (P = 0.09). 
Although not reaching the 0.05 level of signifi- 
cance, these results do confirm the indications 
apparent in FIGURE 3 that the impact of drought 
may well be greater in the more exposed upper 
canopy than the more protected lower canopy. 
They also reinforce the differences in overall in- 
sect abundance seen in FIGURE 2. 


Discussion 


The severe impact of an acute drought in such 
a mesic environment as a tropical rainforest is, 
perhaps, not surprising. The particular value of 
our results, we believe, is that they document for 
the first time impact on the arthropod assem- 
blage within the forest canopy and identify the 
differential impacts across arthropod groups. 
Negative impacts on the Collembola, Coleop- 
tera, Diptera and Lepidoptera must be consid- 
ered in the light of the likely susceptibility of each 
group to desiccation. 

The Collembola are conventionally thought of 
as a group where the abundance and diversity 
closely reflects the environmental conditions of 
their habitats; humidity plays a particularly 1m- 
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each Order collected per 0.5 m? collecting funnel from 
low and high rainforest canopy from six sites in 1991 
and 1992 from Cape Tribulation, North Queensland. 
Counts are shown +1 standard error. 


portant role in this respect (Christiansen 1964, 
Fjellberg 1985, Kitching et al. in press, Sutrisno, 
Greenslade & Kitching in prep.). Even in un- 
stressed forests the canopy Collembola are less 
abundant in high canopy compared with low 
canopy samples (Kitching et al. in press, Sutris- 
no, Greenslade & Kitching in prep.). Their rel- 
atively soft, lightly sclerotized cuticle presum- 
ably underlies this suceptibility to any drying 
influence (Greenslade 1991). 

The Diptera dominate samples of arthropods 
in non-drought years (Kitching et al. in press). 
Their substantial decline in the drought year 
probably reflects the moist habitat associations 
of the larvae of most species (Brauns 1954, Col- 
less & McAlpine 1991): associations with moist 
leaf litter, decomposing matter or free water. A 
further minor contribution may also be associ- 
ated with a decline in the availability of flowers 
and fruits in the forest in response to the drought 
conditions although good corroborative evi- 
dence is lacking in this case. 

Drought associated declines in numbers of 
Lepidoptera, as in the case of the Collembola, 


TABLE 1. Results of the taxon by taxon analysis (see text for further details). 
Significant 
Taxon factor F-ratio LSD 
Insecta 
Collembola Year df=1,15 P< 0.001 1991 > 1992 
Orthopteroids None df= 1,15 P> 0.05 — 
Psocoptera Year df= 1,15 P < 0.0001 1992 < 1991 
Hemipteroids Canopy df = 1,15 P < 0.05 High > Low 
Coleoptera Year df= 1,15 P < 0.05 1991 > 1992 
Diptera Canopy df = 1,15 P < 0.0001 1991 > 1992 
Lepidoptera Year df= 1,15 P < 0.0001 1991 > 1992 
Hymenoptera None df = 1,15 P > 0.05 — 
Non-Insects 
Araneida None df= 1,5 P > 0.05 — 
Acarina None df= 1,5 P>0.05 — 
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may reflect the general desiccation-sensitivity of 
soft bodied insects—in this case lepidopterous 
larvae. Many species also feed in exposed posi- 
tions on foliage and may, accordingly, be more 
susceptible to drying influences. Leaf and epi- 
phyte death and wilting (observed commonly in 
the drought-stricken forest) may also have a neg- 
ative effect on folivores whether they are external 
or internal feeders upon the leaves and stems. 

The decline in Coleoptera abundance is of par- 
ticular interest as the impact, although signifi- 
cant, is nowhere near as severe as for the other 
Orders described (a significance level of 0.049 
compared with 0.0017, 0.0001 and 0.002—Ta- 
BLE 1). This fits well with the idea that the high 
impact observed elsewhere is a measure of direct 
desiccation susceptibility as, a priori, one would 
expect the Coleoptera, with their highly sclero- 
tized cuticles and great mobility, to be somewhat 
less effected than other groups. Their prominence 
as herbivores, nevertheless, may well have led 
to the observed decline produced indirectly 
through decline in the quality and quantity of 
their food resources. 

The significant increase in the abundance lev- 
els of Psocoptera in the drought as opposed to 
the non-drought year is noteworthy as it is coun- 
ter to the clear trend in other groups. There are 
several possible reasons for this trend but each 
can only be a hypothesis for testing at this stage. 
First, the Psocoptera, being exopterygotes, do not 
have a desiccation sensitive larval stage, in con- 
trast to the Diptera or Lepidoptera, for instance. 
Second, the general decline in numbers of insects 
may indicate a relaxation of predatory pressure 
on the group, although the absence of a signifi- 
cant decline in our data in the key predatory 
group, the spiders, mitigates against this. Gen- 
eralist vertebrate predators, principally birds, may 
also have reduced impact if, as anecdotal evi- 
dence suggests, they abandoned the insect-poor 
drought-affected forests for other foraging 
grounds. Last, and possibly of greatest signifi- 
cance, may be a drought-related reduction in fun- 
gi-induced pathogenicity. New (1987) notes sev- 
eral instances of fungal attack particularly on the 
eggs of Psocoptera in his review of the biology 
of the Order. 

Overall the very dramatic impact of drought 
on the fauna of the rain-forest canopy points out 
the sensitivity of these ecosystems to environ- 
mental change. The enormous species richness 
we have come to associate with rainforest can- 
opies, particularly in the tropics, is associated 
with the highly predictable, mesic environment 
which allows fine partitioning of resources and 
the gradual build-up of species as vegetation 
structure becomes more complex and associated 
habitats become available. This very complexity 
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and the narrow niches assumed by the fauna be- 
come a liability when major impacts occur on 
the forest such that a disproportionate loss in 
individuals and, possibly, species richness may 
result. Occasional droughts such as the one mon- 
itored here may not be environmental disasters 
if, as was the case in 1991-1992, they are very 
occasional events. The situation may be quite 
different if on-going change is imposed upon the 
forest either through over-exploitation or global 
climatic change. 
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